The combined effect from the androgen receptor (AR) CAG and GGC length polymorphisms on testosterone levels has not been studied in young women. METHODS: Testosterone levels were measured in blood drawn on both menstrual cycle days 5-10 and 18-23 in 258 healthy women, aged £40 years, from high-risk breast cancer families. CAG and GGC length polymorphisms were analysed by PCR and fragment analyses. All women completed a questionnaire including information on oral contraceptive (OC) use and reproductive factors. RESULTS: OC users had lower median testosterone levels than non-users during cycle days 5-10 and 18-23 (P £ 0.005 for both). The BRCA mutation status was associated neither with testosterone levels nor with CAG or GGC length polymorphism. The CAG length polymorphism was not associated with testosterone levels. The cumulative number of long GGC alleles (³17 repeats) was significantly associated with lower testosterone levels in OC users during cycle days 5-10 (P trend =0.014), but not during cycle days 18-23 or in non-users. The interaction between the GGC length polymorphism and OC status was highly significant during cycle days 5-10 (P = 0.002) and near-significant during days 18-23 (P = 0.07). Incident breast cancer was more common in women with two short GGC alleles (log-rank P = 0.003). CONCLUSION: The GGC repeat length was the only significant genetic factor modifying the testosterone levels in current OC users from high-risk families. Homozygosity for the short GGC allele may be linked to the increased risk of early-onset breast cancer after OC exposure in high-risk women.
Introduction
Testosterone levels have been linked to several hormonedependent diseases in women, such as polycystic ovarian syndrome (PCOS), hirsutism, androgenic alopecia, acne, type II diabetes mellitus and breast cancer (Redmond, 1998; Westberg et al., 2001; Yu et al., 2003a; Kaaks et al., 2005) . The role that testosterone might play in breast cancer pathogenesis has become the subject of increasing attention over the past several years (Westberg et al., 2001; Yu et al., 2003a; Kaaks et al., 2005) . In women, ∼25% of testosterone is produced in the ovaries and 25% in the adrenals and the remaining 50% is derived from peripheral conversion of proandrogens [dehydroepiandrosterone (DHEA) sulphate, DHEA and androstenedione] (Somboonporn and Davis, 2004) . High levels of testosterone have been correlated with an increased risk of both pre-and post-menopausal breast cancers (Thomas et al., 1997; Key et al., 2002; Yu et al., 2003a,b; Micheli et al., 2004; Kaaks et al., 2005) . The effects of testosterone on mammary tissue growth can be anti-estrogenic and thus anti-mitotic as well as indirectly estrogenic and stimulatory (Birrell et al., 1998; Yu et al., 2003a; Somboonporn and Davis, 2004) . These effects depend on several factors, such as the type and dose of androgen, the breast cancer cell line, the structure of the androgen receptor (AR), the expression of co-regulators and co-factors (Somboonporn and Davis, 2004 ) and a possible interaction between testosterone and estrogen, progesterone and other growth-regulating hormones and their receptors (Birrell et al., 1998; Yu et al., 2003a) .
Breast cancer is the most common type of cancer affecting women worldwide. Approximately 1 in 10 women in Sweden is diagnosed with breast cancer during her lifetime (data from the Swedish Cancer Registry). A positive family history of breast cancer approximately doubles the risk of the malignancy (Anderson et al., 2000) . Hereditary factors are believed to play a role in 5-10% of the breast cancers (Narod and Foulkes, 2004; Dumitrescu and Cotarla, 2005; Lacroix and Leclercq, 2005) . The most notable of the known mutations appears in the dominant high-penetrance genes BRCA1 and BRCA2 and confers a substantially increased risk of developing breast cancer and ovarian cancer at a young age (McPherson et al., 2000; Narod and Foulkes, 2004; Lacroix and Leclercq, 2005) . However, a significant proportion of the breast cancer families with a dominant pattern of inheritance are non-BRCA1/2 families, also referred to as BRCAX families. Their pathogenesis is believed to depend on polymorphisms in several low-penetrance and highprevalence genes working in combination with environmental factors (Narod and Foulkes, 2004; Lacroix and Leclercq, 2005) . One such modifying gene may be the AR (Suter et al., 2003; Lillie et al., 2004; Lacroix and Leclercq, 2005) , which is present in normal breast epithelium and in 40-85% of tumours (Lea et al., 1989; Soreide et al., 1992; Rody et al., 2005) .
The AR is a regulator of androgen signalling in steroid hormone-sensitive cells, such as the breast epithelium and the hypothalamus. The AR gene is located on the X chromosome, and the AR protein functions as a transcription factor (Lundin et al., 2003) . The N-terminal contains two functionally polymorphic microsatellites, a polyglutamin tract encoded by CAG repeats and a polyglycine tract encoded by (GGT) 3 GGG(GGT) 2 (GGC) n repeats (Faber et al., 1989; Lumbroso et al., 1997; Lundin et al., 2003) . The transcriptional potential of the AR has so far been studied only in relation to the CAG repeat length in men and in relation to CAG and GGC repeat lengths in vitro (Chamberlain et al., 1994; Gao et al., 1996; Irvine et al., 2000) . Long repeats are associated with a weaker receptor activity, a weaker transcriptional potential and, possibly, compensatorily higher testosterone levels in men (Brufsky et al., 1997; Krithivas et al., 1999) .
A few studies have investigated testosterone levels in relation to the different AR CAG genotypes in women (Westberg et al., 2001; Ibanez et al., 2003; Brum et al., 2005) . To our knowledge, there are no studies on AR GGC genotypes in relation to testosterone levels in women. Short CAG repeat lengths have been reported to be associated with higher testosterone levels in young girls with ovarian hyperandrogenism (Ibanez et al., 2003) , as well as in premenopausal (Westberg et al., 2001 ) and post-menopausal women (Brum et al., 2005) . This suggests an increased androgen sensitivity (Ibanez et al., 2003) or a stimulatory effect of the AR on androgen production in women (Westberg et al., 2001) , in contrast to the inhibitory effect in men (Brufsky et al., 1997) . Thus, the results from studies in men cannot be extrapolated to women.
The different repeat length polymorphisms of AR have also been studied in relation to breast cancer risk in the general population (Giguere et al., 2001; Liede et al., 2003; Suter et al., 2003) and in women from high-risk breast cancer families (Rebbeck et al., 1999; Haiman et al., 2002) . However, the risk with the different allele lengths may be modified by oral contraceptive (OC) use (Suter et al., 2003) . OCs are also known to lower testosterone levels in most users (Carr et al., 1995; Jernström et al., 1997) . Furthermore, OC use in young women has been linked to increased breast cancer risk in the general population (Collaborative Group on Hormonal Factors in Breast Cancer, 1996; Jernström et al., 2005) as well as in BRCA1/2 mutation carriers (Ursin et al., 1997; Narod et al., 2002) .
To our knowledge, no one has studied the combined effects of both the AR CAG and the GGC repeat lengths and OC use on testosterone levels. The first aim of this study was to elucidate how the testosterone levels are influenced by the CAG and GGC genotypes in young women with and without current OC use. The second aim was to examine whether testosterone levels or CAG and GGC genotypes differ by BRCA mutation status. The third aim was to investigate whether testosterone levels or AR genotypes were associated with incident breast cancer.
Material and methods
Two hundred and fifty-eight young Swedish women from high-risk breast cancer families volunteered to participate in this study. They did not have any type of cancer at the time of enrolment between 1996 and 2002. Only women who were menstruating and who had not undergone a prophylactic mastectomy were eligible to participate. Potential participants were identified from charts and pedigrees from the Lund Oncogenetic Clinic. Individuals who themselves had been to the clinic were contacted, first by a letter including brief information on the study, then by telephone. Index individuals who were not eligible for the study were asked whether they were willing to inform relatives of the study and then inform us as to whether we might contact their relatives directly. The Ethics Committee of Lund University approved the study. All women signed a written informed consent.
A letter including an extensive epidemiologic questionnaire and a written consent form was mailed to women who verbally agreed to participate. The questionnaire included questions on reproductive factors, the use of OCs and other medications, smoking etc. A trained research nurse collected blood samples and body measurements once during the follicular phase, i.e. menstrual cycle days 5-10 (except for four women who had their follicular-phase samples drawn on day 4, and two women on day 11) and once again in the luteal phase, i.e. 5-10 days before the predicted onset of the following menstrual period, i.e. cycle days 18-23 in most women. All women were asked to call back with the date of the first day of their next menstrual period. Body measurements included height, weight, waist and hip circumferences and breast volume. The plasma and blood cells were separated and frozen at -70°C at our laboratory at the Department of Oncology, Lund.
Hormone analysis
Total testosterone in EDTA plasma was measured by electrochemiluminescent immunoassay with Roche Elecsys 1010/2010 and Modular analytics E170 analyzer (Roche Diagnostics, Mannheim, Germany). This system is based on the competitive binding analysis principle using monoclonal antibodies against testosterone. The sample was first incubated with biotinylated testosterone antibodies and testosterone derivate labelled with ruthenium complex (Elecsys Testosterone reagent kit nr 11776061-100 tests, Roche Diagnostics). The formed immune complexes were then incubated with streptavidin-coated microparticles, and the entire complexes were fixed to the solid phase via the interaction of biotin and streptavidin. The whole sample was then suctioned to measure cells, where the microparticles were fixed magnetically to the electrode, and the unbound particles were washed away. The following chemiluminescent reaction was measured in a photomultiplier. The measured light units have an association with the testosterone concentration in the sample. The maximal allowed immunoassay variation was ≤20%, and the detection limits were 0.069-52.00 nmol/l (Sanchez-Carbayo et al., 1998) .
Genotyping

AR CAG
Genomic DNA was extracted from 300 μl of peripheral blood using Wizard, Genomic DNA Purification Kit (Promega, Madison, WI).
The polymorphism in the AR gene is a trinucleotide repeat, ranging in size from 11 to 32 repeats. PCR primers 5′-GCGCGAAGTGATCCA-GAA-3′ (forward) and 5′-GTTGCTGTTCCTCATCCA-3′ (reverse) were used, where the forward primer was fluorescently labelled with FAM (MWG-Biotech AG, Ebersberg, Germany) (Lubahn et al., 1989) . PCR was performed in 15 μl reactions using 25 ng of DNA, 0.4 μM of each primer, 0.1 mM of each deoxynucleotide (Amersham Biosciences, Buckinghamshire, UK), 5% dimethylsulphoxide (DMSO, Sigma, St Louis, MO), 2.5 mM MgCl 2 (Applied Biosystems, Foster City, CA), 1× PCR Gold buffer (Applied Biosystems) and 1 U AmpliTaq Gold (Applied Biosystems). The PCR product was analysed in an ABI3100 Genetic Analyzer (Applied Biosystems), and the results were evaluated using Genescan software. The number of repeats was determined by sequencing samples of varying size (Big Dye, Terminator Cycle Sequencing, Applied Biosystems) and using them as standards in fragment size analysis. For quality control, we re-analysed 20 samples. Nineteen samples were successfully analysed in the first attempt, and the concordance rate was 100%. We did not re-analyse the remaining sample.
AR GGC
Genomic DNA was extracted from 300 μl of peripheral blood using Wizard, Genomic DNA Purification Kit. The polymorphism in the AR gene is a trinucleotide repeat, ranging in size from 10 to 21 repeats. PCR primers 5′-TCCTGGCACACTCTCTTCAC-3′ (forward) and 5′-GTTTCTTGCCAGGGTACCACACATCAGGT-3′ (reverse) were used, where the forward primer was fluorescently labelled with HEX (MWG-Biotech AG) (Edwards et al., 1999) .
PCR was performed in 15 μl reactions using 25 ng of DNA, 0.7 μM of each primer, 0.3 mM each of dATP, dCTP and dTTP (Amersham Biosciences), 0.06 mM of dGTP (Amersham Biosciences) and 0.24 mM of 7-Deaza-dGTP (Roche Diagnostics), 5% DMSO, 3.5 mM MgCl 2 , 1× PCR Gold buffer, 0.8 U AmpliTaq Gold and 0.1 U Cloned Pfu DNA Polymerase (Stratagene).
The PCR product was analysed in an ABI3100 Genetic Analyzer, and the results were evaluated using Genescan software. The number of repeats was determined by sequencing samples of varying size and using them as standards in fragment size analysis. For quality control, we re-analysed 20 samples and the concordance rate was 100%.
Mutation testing of the BRCA1 and BRCA2 genes was not performed as part of this study, and carrier status was obtained from the clinical records. BRCA1 and BRCA2 mutation testing is offered at the Oncogenetic Clinic of the Department of Oncology in Lund to women belonging to a high-risk breast cancer family-i.e. if an individual has at least three first-degree relatives with breast cancer and one diagnosed before age 50; two first-degree relatives with breast cancer and one diagnosed before age 40; or one first-degree relative with breast cancer diagnosed before age 30. Women are usually not offered testing before the age 25 years. BRCA gene mutation carriers included only those with confirmed deleterious alterations, i.e. nonsense or frameshift indel mutations that cause protein truncation, or known disease-associated missense mutations.
The participating women were classified into five different categories: (i) Non-carriers belonging to BRCA1 and BRCA2 families, i.e. 'BRCA1/ 2 negative' (n = 55)
(ii) BRCA1 mutation carriers (n = 23) (iii) BRCA2 mutation carriers (n = 7) (iv) Women from high-risk breast cancer families where no BRCA1 or BRCA2 mutations could be detected, i.e. members of a 'BRCAX family' (n = 111) (v) Untested women from high-risk breast cancer families (n = 62) Almost all women (n = 254) approved the analysis of the AR polymorphisms.
Follow-up
Women were followed until the development of a first breast cancer according to the regional cancer registries, until the date of a selfreported prophylactic mastectomy or until 17 May 2006, whichever came first. No woman had undergone a prophylactic oophorectomy before undergoing a prophylactic mastectomy. The report rate of cancer diagnoses to the Swedish Cancer Registries is close to a 100%. The clinical follow-up of high-risk women includes annual mammograms, ultrasounds and magnetic resonance images (MRIs) of the breasts in addition to a physical examination and annual follow-ups of the ovaries by ultrasound, CA-125 measurement and a gynaecological examination.
Data analyses
The Statistical Package for the Social Sciences 11.0.2 software was used for all statistical analyses. Mann-Whitney U-test was used to compare median testosterone levels in relation to OC status. Testosterone levels were not normally distributed, and the values were transformed using the natural logarithm (ln) to obtain a better distribution. Paired t-test was used to compare ln-transformed testosterone levels between cycle days 5-10 and 18-23. Linear regression models were used to compare circulating ln-transformed testosterone levels in relation to the cumulative number of long CAG and GGC alleles as well as to OC status. To test for interaction, we created an interaction term between OC status and cumulative number of long GGC alleles. The multivariate models were adjusted for age and day of the menstrual cycle when the blood samples were obtained. Log-rank tests were used to analyse the risk of incident breast cancers in relation to CAG and GGC genotypes. Cox-regression was used to analyse the hazard of developing breast cancer in relation to GGC genotype, adjusting for age and BRCA1 mutation status. A P-value of <0.05 was taken to be significant. All P-values were two-sided.
Results
The characteristics of the 258 women are summarized in Table I . Two hundred and fifty-four women were successfully genotyped for the CAG repeat lengths and 253 women for the GGC (Tables II and III) . The mean number of CAG repeats was 25.9, and the most common allele was the 20-repeat allele. The mean number of GGC repeats was 15.5, and the most common allele was the 17-repeat allele. The CAG and GGC repeat length distribution was similar in each of the groups of BRCA mutation status (BRCA1/2negative/BRCA1positive/BRCA2positive/BRCAX family/untested; data not shown). As per previous studies, the CAG allele with <22 repeats was classified as short (S) and with ≥22 repeats as long (L). The GGC allele with <17 repeats was classified as short and the GGC allele with ≥17 repeats as long (Dunning et al., 1999; Suter et al., 2003) .
Testosterone levels in relation to OC use, time of the menstrual cycle and BRCA status
We then examined total testosterone levels in relation to the use of combined estrogen plus progestin OCs and different AR genotypes. We excluded women who were breastfeeding at the time of blood sample drawing (n = 4), women using hormonal contraceptives other than combined OCs, e.g. progesteroneonly pills, injectable, intrauterine and implantable hormonal contraceptives (n = 19) or both (n = 1), as well as one woman who had not answered the question on hormonal contraceptive use (n = 1). Two hundred and thirty-three women were included in the analysis, 88 current OC users and 145 non-users.
Overall, median total testosterone levels were significantly lower in current OC users than in non-users both during cycle days 5-10 (1.24 versus 1.45 nmol/l; P = 0.005) and cycle days 18-23 (1.02 versus 1.65 nmol/l; P < 0.0001). Among nonusers, testosterone levels were higher during the luteal phase than in the follicular phase (1.65 versus 1.45 nmol/l; P = 0.0001). In contrast to the non-users, current OC users had significantly lower median testosterone levels during cycle days 18-23 compared with cycle days 5-10 (1.02 versus 1.24 nmol/l; P < 0.0001). The BRCA mutation status did not modify the association between OC use and testosterone levels in either current OC users or non-users.
Testosterone levels in relation to CAG repeat lengths
The CAG alleles (S/S), (S/L), and (L/L) were not associated with testosterone levels in non-users or current OC users either during cycle days 5-10 or during cycle days 18-23 ( Figure 1A and B). This fact remained after adjustment for age, nulliparity, exact day of the menstrual cycle when the blood sample was obtained, OC status, weight, waist-to-hip ratio and cumulative number of long CAG alleles.
Testosterone levels in relation to GGC repeat lengths
There was a significant interaction between the cumulative number of long GGC alleles (≥17 repeats) and OC status on testosterone levels during cycle days 5-10 (P = 0.002) and nearsignificant interaction during cycle days 18-23 (P = 0.07) (Figure 2A and B) . The increasing number of long GGC alleles was associated with lower testosterone levels in current OC users, but not in non-users. We stratified the model on OC status. Among non-users, there was no significant association between GGC and testosterone. Among current OC users, the testosterone levels decreased significantly with the number of long GGC alleles during cycle days 5-10 (P trend = 0.014), but not significantly during cycle days 18-23 (P trend = 0.10), adjusted for age, nulliparity, weight, waist-to-hip ratio and exact day of the menstrual cycle when the blood sample was obtained. Because the frequency distribution of the GGC allele appeared to be biphasic, we also repeated our analyses defining <15 GGC repeats as short. The results remained similar but became insignificant, mainly because there were very few women with the new (S/S) GGC genotype.
Combined effects of CAG and GGC on testosterone levels
No linkage disequilibrium was observed between the frequencies of the different CAG and GGC alleles in a chi-square model (P = 0.24). We then selected 92 women who were homozygous for both the CAG and the GGC S or L alleles. Three women had four short CAG and GGC alleles, 41 women had two short CAG and two long GGC alleles, four women had two long CAG and two short GGC alleles and 44 women had four long CAG and GGC alleles. The combined effect of four short alleles was associated with the lowest testosterone levels in the three non-users with this genotype in both cycle phases (P = 0.03 and P = 0.04, respectively, adjusted for age, nulliparity, menstrual cycle day and CAG and GGC genotypes). None of the other combinations was significantly associated with the testosterone levels either in current OC users or in non-users. We then calculated the mean CAG and GGC repeat lengths for each woman. We did not observe any correlation between the mean lengths of the CAG or GGC repeats and testosterone levels among OC users or non-users.
New breast cancers in relation to CAG and GGC genotypes
To date, nine women have developed breast cancer, five with bilateral disease. The median follow-up time of the cohort was 4.53 years (range 0.07-10.06 years). Fourteen women have undergone a prophylactic mastectomy without the detection of cancer after inclusion in this study, and follow-up times for these women were censored at these time points. Five of the breast cancer patients were known BRCA1 mutation carriers, two belonged to BRCAX families, while two women belonged to untested families and have not undergone testing after their breast cancer diagnosis. The median age of diagnosis was 39 years (range 28-48 years). All women diagnosed with breast cancer were current or former OC users. We analysed the association of breast cancer incidence with AR polymorphisms. New breast cancers were not associated with CAG repeat lengths. (S/S) GGC genotype was associated with breast cancer during follow-up (log-rank 11.61, df 2; P = 0.003; Figure 3) . No difference was seen between women with one or two long GGC alleles (P = 0.77). The increased hazard for early-onset breast cancer in women with the (S/S) GGC genotype remained significant after adjustment for age at inclusion and BRCA1 mutation status Hazard ratio 7.3 (95% confidence interval 1.3-39.3; P = 0.02). We did not observe any significant associations between testosterone levels in either cycle phase and breast cancer risk. 
B
Discussion
The main finding in this study was that the GGC repeat length was the only significant genetic factor associated with testosterone levels, and only among current OC users during cycle days 5-10. There was a significant interaction between the GGC genotype and OC use on testosterone levels. The increasing number of long GGC alleles was associated with lower testosterone levels in current OC users but not in non-users. The CAG repeat length did not modify the testosterone levels in OC users or non-users. Current OC users had lower testosterone levels than non-users with almost all AR genotypes. New breast cancers were associated with the GGC but not with the CAG allele sizes. This is the first study to examine testosterone levels in relation to both CAG and GGC allele sizes in women and how the testosterone levels are affected by OC use in women with different CAG and GGC allele sizes.
In men, the AR with long CAG repeat lengths, which has lower activity, is associated with presumably compensatorily higher testosterone levels (Brufsky et al., 1997; Krithivas et al., 1999 ).
Short CAG repeat lengths have been linked with a modest increase in prostate cancer risk (Ntais et al., 2003; Singh et al., 2005) . In contrast, the effect of the AR on testosterone levels in women is thought to be stimulatory rather than inhibitory (Westberg et al., 2001) . In this study, we did not observe any association between the CAG repeat length and testosterone levels in this group of premenopausal women. The AR is located on the X chromosome, which is randomly inactivated in women (Brum et al., 2005) . In this study, we have not performed X-chromosome inactivation analysis. However, high testosterone levels have been reported in post-menopausal women with short CAG repeat lengths of the AR (Westberg et al., 2001; Ibanez et al., 2003) , even when taking into consideration the X-chromosome inactivation patterns (Brum et al., 2005) .
Lower testosterone levels have been linked to OC use in premenopausal women (Carr et al., 1995; Jernström et al., 1997) . OC use at a young age or before the first child has also been associated with an increased breast cancer risk (Collaborative Group on Hormonal Factors in Breast Cancer, 1996; Jernström The GGC alleles with <17 repeats were classified as short (S) and ≥17 as long (L). Among non-users, there was no significant association between GGC and testosterone levels after adjustment for age, exact day of the menstrual cycle, nulliparity, weight and waist-to-hip ratio. Among OC users, the testosterone levels were decreasing with the increasing number of long GGC alleles (P trend = 0.014). There was a significant interaction between the cumulative number of GGC alleles and OC status on testosterone levels (P = 0.002). Circles indicate outliers with values between 1.5 and 3 box lengths from the upper or lower edge of the box. Asterisks indicate extreme outliers with values more than three box lengths from the upper or lower edge of the box. The box length is the interquartile range. (B) This box plot shows the median testosterone levels in relation to the GGC repeat lengths during cycle days 18-23. The GGC alleles with <17 repeats were classified as short (S) and ≥17 as long (L). Among non-users, there was no significant association between GGC and testosterone levels after adjustment for age, exact day of the menstrual cycle, nulliparity, weight and waist-to-hip ratio. Among OC users, the testosterone levels decreased non-significantly with the increasing number of L GGC alleles (P trend = 0.10). The interaction between the GGC allele sizes and current OC use was near-significant (P = 0.07). et al., 2005) . The exogenous estrogens in OCs may reduce LHdriven ovarian stromal steroidogenesis, which leads to lower total testosterone levels (Carr et al., 1995) . Low testosterone levels have also been linked to an earlier age at breast cancer diagnosis and a more aggressive disease (Bulbrook and Thomas, 1989) as well as to a positive family history of breast cancer (Jernström et al., 1997) . However, in more recent studies, high levels of testosterone have been linked to an increased risk of both pre-and post-menopausal breast cancers (Thomas et al., 1997; Key et al., 2002; Yu et al., 2003a,b; Micheli et al., 2004; Kaaks et al., 2005) . In this study, we did not observe any significant association between testosterone levels and incident breast cancers, but we only had a small number of cases of which one used OCs and another an intrauterine device with progestin at the time of blood sampling. The inconsistencies between studies on premenopausal testosterone levels in relation to breast cancer may depend on the menstrual cyclic variation of sex hormone levels, including testosterone (Micheli et al., 2004) . One of the strengths in the present study is that testosterone levels were measured in a standardized way twice during the menstrual cycle in all women. Furthermore, we adjusted for the exact day of the menstrual cycle, taking into account days from the onset of the next period from samples obtained during cycle days 5-10, as well as the actual onset of the next menstrual period for samples obtained during cycle days 18-23. Our findings are consistent with earlier studies showing that the use of OC is associated with decreased testosterone levels in most women. We also show that the strength of the associations between the GGC allele sizes and testosterone levels varies within a menstrual cycle, even when we adjust for the exact menstrual cycle day. It is possible that this variation is partly because we did not obtain all blood samples on the exact same cycle day in all women, but it was not feasible for us to do so for practical reasons.
A B AR AR
To date, nine women in this prospective cohort have developed breast cancer, five with bilateral disease, after the inclusion. All were current or former OC users. In the present study, OC users had lower testosterone levels than non-users with all AR genotypes, except for the (S/S) GGC genotype. We therefore examined the risk for incident breast cancer in relation to the AR genotypes. We found an increased risk associated with the (S/S) GGC genotype, which was associated with high testosterone levels in OC users. This finding is consistent with the earlier studies indicating a higher risk of breast cancer with higher testosterone levels (Thomas et al., 1997; Key et al., 2002; Yu et al., 2003a,b; Micheli et al., 2004; Kaaks et al., 2005) . Conversely, other studies report that GGC repeat lengths are not associated with higher breast cancer risk (Dunning et al., 1999; Kadouri et al., 2001; Suter et al., 2003) . One study reported a risk reduction with this genotype in combination with OCs (Suter et al., 2003) . In this study, CAG polymorphisms were not associated with higher breast cancer risk. The findings are in line with some earlier studies, which reported that CAG is not associated with higher breast cancer risk in women from the general population (Dunning et al., 1999; Kadouri et al., 2001) or from high-risk families (Kadouri et al., 2001; Spurdle et al., 2005) , but not with other studies that reported an association with higher breast cancer risk and long CAG repeat lengths in women from the general population and from the high-risk families (Giguere et al., 2001; Haiman et al., 2002; Liede et al., 2003; Suter et al., 2003; Lillie et al., 2004) . This is an early report from a prospective cohort of young healthy women from high-risk breast cancer families, and our results should therefore be considered preliminary. The median time of follow-up is now 4.53 years or 1519 person-years. This gives an annual breast cancer incidence in our cohort of 0.59%. This overall annual incidence rate is lower than that in other cohorts of high-risk women consisting of BRCA1 and BRCA2 carriers (Easton et al., 1995; Tonin et al., 1995; Ford et al., 1998) . However, the present cohort includes 55 women who are known to not carry the respective BRCA1 or BRCA2 mutations that segregate in their families, as well as 111 women from BRCAX families and 62 women who are untested. Five of the nine cases are known BRCA1 mutation carriers, two cases belonged to BRCAX families and two cases were untested. We cannot exclude the possibility that the untested cases also carry BRCA1 or BRCA2 mutations. Two of the six cases were related, maternal aunt and niece. They both had the (L/L) GGC genotype and were BRCA1 mutation carriers. The association with the GGC genotype and breast cancer remained after adjustment for BRCA1 mutation status and when we re-analysed the data excluding either one of them. The prophylactic mastectomies are self-reported, and it is possible that other Fourteen women have undergone a prophylactic mastectomy without the detection of cancer after inclusion in this study and were censored at this time point. The number of women is indicated for each genotype. The (S/S) GGC genotype was associated with breast cancer during follow-up (log-rank 11.61, df 2; P = 0.003). No difference was seen between women with one or two long GGC alleles (log-rank P = 0.77). women have undergone the operation without notifying us. However, given that high-risk women undergo annual clinical examinations, it is unlikely that we missed more than one or two mastectomies, if any. The BRCA status was not associated with the AR genotype or testosterone levels in our study, which is in line with the findings of others (Kadouri et al., 2001; Spurdle et al., 2005) . The CAG distribution and peaks were similar to those seen in the general population of premenopausal Swedish women in a previous study by Westberg et al. (2001) . CAG and GGC alleles were generally longer than in previous studies (Kadouri et al., 2001; Suter et al., 2003) , a possible explanation being the differing ethnic backgrounds of the study populations, which can influence the AR repeat lengths (Lundin et al., 2003; Lillie et al., 2004) , or non-standardized reference samples (Delmotte et al., 2001; Boorman et al., 2002) . In this study, we used a ladder created with the actual size obtained by sequencing (Rodriguez et al., 2006) .
To our knowledge, this is the first study to examine how the testosterone levels are influenced by the CAG and GGC genotypes in young women with and without current OC use. Our results showed that the testosterone levels were lower in most OC users and were modified by the GGC repeat lengths, but not the CAG repeat lengths, of the AR. GGC repeat length was the only significant genetic factor significantly associated with testosterone levels and only during menstrual cycle days 5-10. There was a significant interaction between the GGC genotype and OC use on testosterone levels. Because BRCA mutation status showed no association with the AR genotypes or the testosterone levels, we believe that our results may also apply to women in the general population. Furthermore, our data suggest that high-risk women who are homozygous for the short GGC repeat allele may be at an increased risk of the early-onset breast cancer after OC exposure regardless of BRCA mutation status, but this finding needs confirmation in other studies.
